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EDITORIAL 


Among people occupying positions of some importance in Britain today, 
there are still too many who do not approve of space travel—who actively 
oppose its development. They will have as little success as King Cnut had 
when he bade the tide recede, but unlike Cnut, they delude themselves that 
they can prevent inevitable events. 

These persons rejoiced when they heard the “‘surprising’”’ news from Washing- 
ton on May | that data from the U.S. artificial satellites had indicated the 
presence 1,000 miles out in space of a zone of radiation a hundred times more 
intense than predicted in pre-satellite days. Anti-interplanetary zealots were 
quick to comment that this showed that space travel was impossible. 

There are two points to be noted here. Firstly, the news should not be 
considered “‘surprising’’. Even scientists are not above confusing theory with 
fact and much of our “‘knowledge’’ about the planets and interplanetary space 
is hypothesis rather than fact. The present satellites are being, and the future 
interplanetary probes will be, constructed to enable us to replace hypothesis 
by fact—or at any rate by a first approximation to the truth. We have long 
advocated that this should be done and we have an open mind as to the results 
that will be obtained. 

Secondly, this particular item of news does not show that space travel is 
impossible. As yet not enough is known about the strong radiation—tt is still 
unidentified. It may be confined to a zone only a few hundred miles deep, 
which at escape velocity would be traversed in a matter of minutes, or it may 
have less serious biological effects than present hypotheses indicate. If the 
worst befalls and it presents a serious obstacle to spaceflight, manned experi- 
ments can still be undertaken if the astronauts are prepared to sacrifice their 
remaining years for science—or at any rate are prepared to face a somewhat 
monastic existence afterwards. Astronautics may yet prove one field where the 
over-forties readily find employment ! 

While it is proper that we should take all possible steps to prevent injury 
or loss of life, we should not shrink from a worthwhile activity merely because 
it is hazardous. Human (or canine) life is not sacred. Men are required to face 
certain death for the cause of war; how much nobler it is to permit them to face 
hazards in the peaceful pursuit of knowledge. 
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SUMMARY 


During the International Geophysical Year an artificial Earth satellite containing a 
108-Mc. transmitter is to be launched and placed in an orbit around the Earth. Although 
the Department of Defense is building and installing a number of Prime Minitrack stations 
installations to detect and plot the course of the satellite and to record various types of 
scientific data—a Mark II Minitrack system, based on the interferometer principle in like 
manner to the primary system, has been developed, and this will permit amateur volunteer 
groups to spot and measure the track of the in-flight satellite. This latter system, which 
may be built and installed by amateur groups for a nominal cost, consists in its simplest 
form of two Yagi antennas in a single baseline from 20 to 500 ft. long, a tee junction at the 
midpoint, a converter to shift the 108-Mc. satellite frequency to one that could be amplified 
by a standard communications receiver, and an ‘‘S’’ meter to be used as an indicator of 
satellite transit. In this simple version the system will indicate passage of the satellite 
but would provide no lasting or accurate record of scientific value. 

By adding improvements in the system, a highly precise installation can be built that 
will yield data of interest to Project Vanguard personnel at the Naval Research Laboratory 
where orbit computation of the satellite is to be conducted. Some of these improvements 
consist of a hybrid junction rather than a tee junction in the transmission line, a graphical 
or magnetic tape recording in place of the ‘‘S’’ meter, a precise time signal fed to the record, 
a baseline of 1,000 ft. between antennas, high quality-transmission lines and amplifier 
equipment, antenna systems installed with high precision, and multiple antenna-baseline 
systems to provide an increased quantity of geodetic information. 

Data read and recorded by the precision Mark II systems may be transmitted to the 
Vanguard Computing Center in Washington, D.C., where it can serve as important compu- 
tational material to study the flight and characteristics of the satellite and can also add to 
the store of scientific knowledge desired for the IGY objectives. 

This document presents all the aspects of the design, construction, and calibration of the 
Mark II system for the serious-minded amateur desiring to carry out radio observations of 
the satellite. 


Introduction 

During the International Geophysical Year an artificial Earth satellite 
containing a 108-Mc. transmitter is to be launched and placed in an orbit 
around the Earth. The U.S. Department of Defense is building and installing 
a number of Prime Minitrack stations at strategic points on the Earth to 
detect and determine “the coordinates of the satellite and to record various 
types of scientific data which will be telemetered from it. These Minitrack 
stations are complex installations containing specialized antenna systems and 
a large trailer of electronic equipment, requiring the services of some ten 
specially trained electronics personnel for proper operations and service. 

Inasmuch as radio and telemetry signals coming from the satellite may 
also be received by relatively simple “amateur type’’ stations, the Naval 


* U.S. Naval Research Laboratory Report 5035, 12 September, 1957. The previous 
report in the Minitrack Report Series was: NRL Report 4995, ‘‘Project Vanguard Report 
No. 18: Minitrack Report No. 1: Phase Measurement,”’ by C. A. Schroeder, C. H. Looney, 
Jnr., and H. C. Carpenter, Jnr., 26 July, 1957. 


+ Tracking and Guidance Branch, Project Vanguard, Naval Research Laboratory, 
Washington, D.C., U.S.A. 
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Research Laboratory has devised the Mark II Minitrack—a comparatively 
inexpensive system which may be built and installed using materials and 
supplies within reach of many serious amateur groups. This system, based 
on the interferometer principle in like manner to the Prime Minitrack system, 
may actually be built in quite simplified form to indicate merely the passage of 
the satellite or it may be built in somewhat more complex form to record and 
measure the flight of the stellite. 

The Mark II Minitrack Satellite Observation Programme represents a joint 
NRL-ARRL Programme designed to aid interested volunteer groups wishing 
to track the Earth satellite. It is felt that two types of groups will be interested. 
The first type will want to observe satellite transits only out of curiosity. 
For this group a very simple system is described. The second group will wish 
to track the satellite and record useful data. It is for this group that this 
document is primarily intended. 

A question often asked is ‘“‘Whyy, if optical observations can be made more 
accurately than radio measurements at this (108 Mc.) frequency, are radio 
observations needed?’’ The answer is that optical observations will be rare and 
dependent on the time, the weather, and the range to the satellite, whereas 
radio observations can be made each time the satellite passes the station. 

The exact position of the satellite will depend on the influence of gravity 
among other things. Since the gravitational field varies because of anomalies 
in the shape and mass of the Earth, the satellite will not describe a perfectly 
smooth path in space; rather, its path could be described as ‘“‘noisy.” Under 
these conditions a great many moderately accurate observations may give 
significantly more orbital data than a very few highly precise observations. 

The precision needed at any one station really depends upon the proximity 
of this station to other stations. Since there are three Prime Minitrack stations 
in the United States, it is felt that Mark IJ stations here should have the same 
order of accuracy (20 sec. of arc). The added stations can further increase the 
amount of useful data obtained by having their baselines oriented at a consider- 
able angle to the East-West line, since the Prime Minitrack system gives its best 
data on meridian crossing. 

Other stations, far removed from the Prime Minitrack system, can have 
poorer accuracy and still contribute significant data to the programme. It is 
difficult to assess the required accuracy, but certainly stations having an 
accuracy of 1 min. of arc will obtain useful data when isolated from more 
accurate stations by 1,000 miles or so. 


The Satellite Transmitter 

Four groups of satellites are planned, each group being designed for special 
experiments and therefore requiring its own specialized transmitting equipment. 
The Group I satellite, measuring solar Lyman-« radiation and environmental 
parameters, will transmit telemetry signals continuously through an 80-milliwatt 
unit (Fig. 1). The information will appear as bursts of audio modulation on 
the carrier frequency, and modulation will be confined within a band from 
2-6 to 15 Ke. 

The Group II satellite, measuring meteor erosion of the skin and cosmic 
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Official U.S. Navy Photograph 


Fic. 1. Modulated 80-milliwatt Minitrack transmitter. 


ray intensity, will have both continuous telemetering and command tele- 
metering at a power level of about 50 milliwatts. 

The Group III satellite, measuring the geomagnetic field, will have two 
transmitters: a continuous wave tracking transmitter operating at 108 Mc. 
and a command turn-on transmitter operating at 108-03 Mc. 

The Group IV satellite will perform one of two currently proposed experi- 
ments. In one case this satellite will be similar to Group II, and in the other 
case it will have a command transmitter, capable of emitting about | watt, in 
addition to the tracking transmitter. 

The tracking transmitters for Groups I and II will be crystal-controlled at 
108 Mc. within about 2 Kc. The Group III satellite will be crystal-controlled but 
the crystal will be cut to have a definite frequency-temperature characteristic. 
The frequency can vary in the range 108 Mc. + 5 Kce., but should vary only 
slowly. A typical frequency-temperature curve is shown in Fig. 2. 
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Fic. 2. Frequency-temperature characteristic of tracking transmitter of Group III satellite. 


Since the satellite transmitters may operate in the ranges 108 Mc. + 5 Ke. 
and 108-03 Mc. + 5 Ke., the Mark II Minitrack system should have the capa~- 
bility of tuning to receive signals over a band from 107-995 Mc. to 108-035 Mc. 

The satellite antenna system consists of four radiators spaced equally around 
a great circle on a sphere to produce circular polarization in the plane of the 
radiators. When the satellite is launched the direction of polarization will 
be normal to the direction of travel. When the satellite has travelled 90° 
around the Earth, if disturbing torques are negligible, the radiators will be 
parallel to the Earth’s surface and station below would receive a circularly 
polarized signal. 

In areas where the polarization of the signal from the satellite is linear, a 
linearly polarized ground antenna will receive a signal that will vary as a 
function of the degree of polarization. As the satellite passes through the 
antenna pattern, the received signal strength will vary approximately sinusoid- 
ally because the Faraday rotation is dependent on the angle between the radio 
path and the ionosphere. The frequency of the variation can be used to 
measure the total ionization content in the radio path, and this information 
can be used to correct the measured satellite position for ionospheric refraction. 


The Minitrack Systems 

Two tracking systems, known as “Minitrack,” have been designed for this 
project. The more complicated ‘Prime Minitrack” will be used at a number 
of stations in the Western Hemisphere and Australia to obtain basic orbital data. 
This system is nonambiguous and will provide satellite ephemerides so that 
after the first few satellite orbits the future path of the satellite over the Earth’s 
surface can be predicted. 

Since the Prime Minitrack system requires a large installation, a simpler 
tracking system called the “Mark II Minitrack” has been devised. While this 
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Ax system in its simplest form 
ee will give ambiguous data, the 
ambiguities can be resolved at 
the Vanguard Computing 
Centre in Washington, D.C., by 
the use of data from the Prime 
Minitrack stations. Thus it 
will be possible to determine the 
position of the satellite over 
any ground point as accurately 
with the Mark II system as 
with the Prime Minitrack sys- 
tem. 
. OUTPUT VOLTAGE The Mark II system, like 
* eat FROM RECEIVERS the Prime system, is based on 
seni i the interferometer principle. 
A a Yi, espaiihied This principle is well known to 
7 ev outst — pipe amps and te - 
-360° -180" 0" 180° 360° 1S OF CEtacs Out may BOX be 
familiar to all radio amateurs, 


Fic. 3. Radio intr ere mncter principle as applied to <0 it will be described in some 
" detail. 


The interferometer principle as applied to the Mark II Minitrack system 
is illustrated in Fig. 3. Here two antenna arrays are separated by many 
wavelengths and are connected together by transmission lines. The mid-point 
of the transmission lines is connected to a hybrid tee and to a receiver (or 
receivers) which actuates a 
meter or recorder. S (SATELLITE) 

The geometry of the 
situation is shown in Fig. 4. 

It is assumed that the satel- 
lite S is a distance which is 
great compared to the separ- 
ation between antennas. 
If we make the distance 
SP = SA, then A,P will be 
approximately perpendi- 
cular to SA, since the angle | 
A,SP is small. The phase 
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two antennas, arrivirig at the hybrid in Fig. 3, will be in phase and the meter will 
record a maximum output. If the distance PA, is an odd number 
of half-wavelengths the voltages from the two antennas will be out 
of phase and will cancel at the hybrid, in which case the output will 
be at a minimum. } 

As the satellite travels across the antenna pattern the distance PA, will vary 
so that the receiver output will vary from a maximum to a minimum nearly 
sinusoidally. The number of maxima and minima which occur during a 
transit can be increased by increasing the baseline distance A,A,. For a 100- 
wavelength baseline a minimum will occur for approximately each angular 
half-degree travelled. For example, if the satellite is at an altitude 200 miles 
and is travelling at 25,000 ft. per sec., null will occur about three times per sec. 

The antenna and receiver system needed will depend on the signal strength 
received from the satellite, on the received signal-to-noise ratio required for the 
system, and on the noise in the system. 

Assuming a transmitted power of 10 milliwatts, a transmitter antenna gain 
of 0-5 (referred to isotropic), a receiving antenna gain of unity, a wavelength 
of 9 ft., and range of 1,000 miles (5 x 10° ft.), we can compute a theoretical 
signal strength from the following well-known formula: 


_ PG,G,% _ (0-01) (1) (0-5) (81) 


tet. oa ol 





The noise power in a perfect receiver at 300° K. is about 4 x 10-*! watts/ 
cycle or 204 db.W./cycle. A noise figure of 4 db. and a pre-detection band- 
with of 10 Kc. gives the noise as 160 db.W. or 10-"* watts. The temperature of 
the sky at 100 Mc. is perhaps 500° K., and for about 2 hours in 24 it may 
reach 5000° K. This increases the noise (for the 500° K. case) to about 2 x 10-"* 
watts. For the 5000° K. case the noise will be 2 x 10-” watts. 

Since a pre-detection S/N of at least 10 db. is desirable, either the bandwidth 
must be reduced, the receiving antenna gain increased, the transmitted power 
increased, or the distance reduced. The pre-detection bandwidth can be 
reduced to perhaps 5 Kc. initially and reduced further when the exact fre- 
quency is known. 

The transmitted power and the range may be considered as fixed, leaving 
only the receiving antenna gain as a variable. The Prime Minitrack antenna 
can provide a gain of about 50, or 17 db. These changes give a theoretical 
received power of 5 x 10-% watts of 0-5 wv. With a 5-Ke. pre-detection band- 
width and a 500° K. background temperature, a pre-detection S/N of 13 db. is 
obtained. For the 5000° K. temperature case the pre-detection S/N will be 
2-5:1, or 4 db. 


The Mark II System 

This section describes the various forms of the Mark II Minitrack system 
that can be built. One must select that unit which fits his finances and produces 
his desired results. The components required for construction of these systems 
—antennas, radiofrequency transmission lines, hybrid junctions, receivers, 
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and preamplifiers, phase detectors, records, and timing units—will be described 
in greater detail in later sections. 

The Mark II Minitrack system in its simplest form is shown in Fig. 5. It 
utilizes only two Yagi antennas on a single baseline from 20 to 500 ft. long, 
feeding a tee junction centrally located on the baseline. The output from this 
junction feeds a converter to shift the 108-0-Mc. satellite frequency to a fre- 
quency that could be amplified by a standard communications receiver. The 
“S” meter on the receiver would 
probably suffice for an indication of 
satellite transit. 

Such a system provides a meter 
indication of the presence and pas- 
sage of the satellite, but because no 
accurate recorded correlation of the 

data is obtained with respect to 

me time, these data are of little scien- 
CONVERTER tific value except in the improbable 
event that the satellite had been 
established in an orbit that was very 
OMMUNICA TI different than planned and none of 

ki RECEIVER | [METER ] the other selkins stations had yet 

Fic. 5. Simplest form of Mark II Minitrack acquired it. To those who wish 
system. only to observe passage, this simple 

meter indication would be adequate. 

To improve this system, a number of modifications can be made: (1) The 
Tee Junction can be replaced by a hybrid junction feeding two converter- 
receiver units, thereby doubling the amount of data obtained. (2) The output 
indication of phase data can be changed from a simple meter to a graphical or 
magnetic tape recording. (3) A source of time precise to 10 milliseconds or 
better can be included in the system to be recorded simultaneously with the 
phase data. (4) A longer baseline (from 500 to 1,000 ft.) can be used to provide 
a greater system angular resolution. (5) Special care can be taken ‘in the 
quality of the radiofrequency transmission lines used, in the placement of these 
lines to afford temperature equalization, and in making their lengths identical. 
(6) A low-noise preamplifier can be included in the converter unit to increase 
the system sensitivity. (7) The antennas can be located precisely and assembled 
carefully to provide a baseline with an accurately known mid-point. (8) Addi- 
tional baselines, requiring additional electronics and recording, can be added. 
While East-West baselines can give valuable data, other baselines at, say 60° 
to the East-West line can give information even more valuable. The most 
accurate Prime Minitrack data are taken on the East-West baseline transit. 
For geodetic reasons, measurements on other baselines are very desirable. 

A system embodying all of these modifications is shown in block diagram 
form in Fig. 6. This system, utilizing 1,000-ft. baselines, provides a time 
indication of satellite position about every }° in the East-West direction. The 
output data consist of (1) two detected output voltages which carry the angular 
position data, (2) two automatic gain control voltages, and (3) recorded time. 
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Fic. 6. Advanced Mark II Minitrack system. 











If the antenna field for this system is established with sufficient precision, these 
data may be considered for use as an input to the Vanguard orbital computer 
to aid in determining the orbit. 

This system is the most complete that is suggested for construction by 
amateur or university groups. There is, however, a similar but somewhat 
more complicated version of the Mark II system that has been constructed and 
tested by the Naval Research Laboratory for use by the Department of the 
Army. This system utilizes the standard Mark II hybrid junction conversion 
from phase angle to amplitude, but utilizes a dual-channel receiver with 
common local oscillators feeding a phase-sensitive detector to improve the 
system signal-to-noise ratio. This system will be described in detail in a forth- 
coming Naval Research Laboratory report. 


The Baseline 


The baseline is required to separate the antennas so that rapid changes in 
output phase will be obtained as the satellite passes the station. The longer 
the baseline the faster this phase will change and, all other things being equal, 
the more accurate the measurement that can be made. As the baseline 
becomes long, however, the readings become more ambiguous and the trans- 
mission line loss becomes important. 

For the standard Mark II Minitrack system it is desirable to have a baseline 
of the order of 500 to 1,000 ft. long. Baselines shorter than this can be used, 
but with reduced accuracy. Baselines longer than 1,000 ft. may be used with 
low-loss transmission line. 
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The most satisfactory system uses both long and short baselines. The 
numerous interference lobes obtained with the long baselines are used to give 
accuracy and the fewer lobes obtained with the short baselines are used to 
identify the central lobe of the fine pattern. If no short baseline is used, the 
central lobe must be identified either by counting the total number of lobes or 
by using information (such as will be available from the ephemerides issued 
by the Vanguard Computing Centre) concerning the position of the satellite at 
the time given. If the centre lobe is to be found by counting the lobes, the 
antenna bandwidth should be made narrower the longer the baseline, so 
that the number of lobes will be constant. Ten lobes in an antenna pattern are 
about the maximum that can be counted and even with this number the 
possibility exists that the wrong lobe will be selected as the central lobe. 





POLE 
1S-F T. HIGH 


v4 


Fic. 7. Mark II Minitrack antenna field. 


For the inclined equatorial orbit of the Vanguard satellite, an East-West 
baseline ordinarily will give the most rapid phase changes. Additional base- 
lines should be placed to have an East-West component; for example, they 
could be placed NE-SW or NW-SE. The additional baselines (Fig. 7) would 
give additional information and would require only additional antennas, 
transmission lines, and hybrid junctions. The same receivers could be used for 
the different baselines by switching receiver inputs. Except for the case of a 
near-zenith pass, there will be enough time to switch between baselines so that 
all of the information can be obtained from one receiver system. 

The components required for a Mark II Minitrack interferometer baseline 
are the antennas, the transmission line, and the hybrid junction. Since the 
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main cost of a satellite tracking system may be in these components and since 
the better stations will have at least two baselines, much work has gone into 
the making of components with the desired quality, yet which are reasonably 
inexpensive. 


The Antennas 


The most expensive single component is the antenna. It must meet many 
requirements: it must be unaffected by wind and weather and must provide 
high gain and yet have a broad beam in one direction so that a large number 
of satellite transits can be recorded. 

To provide a gain of about 50, an eight-element array has been designed 
(Fig. 8). It can be extended to any larger number of dipoles, as desired. 
Extending the length of the antennas reduces the beamwidth only in the 
direction of the extension, so the gain can be increased as desired without 
changing the width of the broad antenna beam. 

Another antenna requirement is that the gain of the sidelobes and backlobes 
be so low that direct and reflected signals will not interfere appreciably. This 
requirement, the most limiting from an antenna design point of view, can be 
analysed approximately in the following manner. First, the system error that 
can be tolerated must be determined. A 100-wavelength baseline contains 
36,000 electrical degrees. The measurement error resulting from a phase error 
in the antenna system is given by the following equation: 


antenna phase error 
~ baseline in electrical degrees 





sin (error angle) 


The desired system accuracy of 20 sec. of arc is approximately equal to 0-0001 
radian, so the tolerable antenna phase error is 3-6°. If this is considered to be 
an R.M:S. error, #.¢., half of the time less than 3-6° and half of the time more 
than 3-6°, the maximum 

phase error will be3-6° x 7/2, Sis. 
or 5-6°. In each antenna RES 


the S great as 
error can be as great SGNAL VECTOR \ F 
_ 


V2 = 4° Fic. 9. Diagram showing relationship of error vector 
at to error in phase angle. 








ERROR 
VECTOR 





The geometry of the problem is shown in Fig. 9. The error vector can 
have any phase with respect to the signal vector, so that angle B can have any 
value less than the maximum angle shown. 

error vector 


B = arc sin -—-—_————__. 
signal vector 


For small angles, 
error voltage 


signal voltage * 
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4 error 
57:3 signal 





For B = 4°, = 0-07 voltage ratio. 
The power ratio is 0-005 or 23 db. 

Since one important part of the error signal is the signal reflected from the 
ground, the reflection coefficient of the ground is important. This coefficient 
may be as low as 0-35 for dry soil, about 0-5 for ordinary soil, and 0-96 for salt 
water. Ifthe value of 0-5 is taken, the error signal is reduced by one-half. The 
minimum ratio of sidelobe to mainlobe response can be as low as 17 db. under 
these conditions. 


Colinear Array 

Two types of arrays have been investigated—the colinear and the broadside 
dipole arrays. At first glance the colinear array appeared to be nearly ideal. 
The H-plane pattern could be made broad and the elements placed a full 
wavelength apart, thus providing a narrow E-plane pattern with a minimum of 
elements. The full-wave spacing results in negligible mutual coupling between 
elements so that all elements can be individually matched before being placed 
in the array. Since the elements are polarized along the length of the array, 
the ground screen can be made of long wires. 

The difficulty with the colinear array above the ground screen is that the 
theoretical H-plane pattern is realized only for an infinite ground screen. 

The reason that the actual H-plane pattern differs from the theoretical is 
that the dipole has no directivity in this plane. The reason the signal is low 
along the ground screen is that the image dipole current interferes with the 
current from the real dipole. At low angles, with a limited ground screen, it 
may be impossible to see the image when the real dipole is visible. In this 
case a finite signal will appear along the ground screen. 

The theoretical and actual patterns obtained for the dipole 39 in. above the 
ground screen are shown in Fig. 10. The signal strength at the screen is 
about 9 db. below the peak value. When the ground screen was widened to 
an equivalent 32 ft., the resulting signal strength at the screen was about 15 db. 
below the peak value. When the solid ground screen was replaced by No. 8 
wires spaced 2° apart and centered on the dipole, the resulting signal strength 
at the screen again was about 10 db. below the peak value and the depth of 
the dip in the centre was increased to 6 db. 

From this work it was apparent that with the colinear array it would be 
practically impossible to have a ground screen large enough to make the 
ground effects negligible. For this reason the broadside array was investigated. 


Broadside Array 


The broadside array has the advantage that the dipole elements have 
directivity in the plane perpendicular to the array, the E-plane; consequently a 
true null always appears in the plane of the ground screen, even when the 
ground screen is so small that ground effects are present. Ground effects can 
be inferred if the antenna paterns change when the size of the screen is increased. 
Fig. 11 shows the patterns obtained from a 1,080-Mc. model with the equivalent 
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screen widths shown and with the dipole-to-screen spacing held at a distance 
equivalent to 45 in. From these patterns it is concluded that the minimum 
ground screen width is about 15 ft. 

The patterns obtained for different radiator-to-screen spacings are shown in 
Fig. 12. These patterns were taken with a full-sized y-matched dipole above a 
chicken-wire screen 16 ft. wide. From these patterns a spacing of about 44 in. 
appears nearly optimum, giving a beamwidth of 104°. 
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Fic. 12. Patterns of broadside array for four radiator-to-screen spacings, taken with 
full-sized y-matched dipole above 16-ft. wide screen. 


For the broadside array the maximum element spacing is about 3A/4._ The 
H-plane pattern obtained from a 1,080-Mc. model is shown in Fig. 13. Since 
all the elements are fed in phase with equal currents, it would be expected that 
the first sidelobe would be 13 db. down from the main lobe. The 10-db. lobe 
on one side can be attributed to errors in the phasing of the elements. At 
90° the response of this pattern is less than 25 db., so it can be expected that a 
broadside array will give a low response in the plane of the ground screen in all 
directions. 





The Dipole Element 
The dipole element should be rigid, easily tuned, and simple to manu- 
facture. After several types of matching devices had been investigated the 
y-matched dipole was selected for further study because of its inherent simplicity 
and rigidity. 
The simplest type of y-matched dipole (Fig. 14 and 15) is inherently un- 
balanced and would therefore be expected to have an E-plane squint as is 
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shown by the pattern of Fig. 11; the direction of this squint is on the same side 
as the feed loop. Although unsymmetrical, the response at the ground screen 
is at least 19 db. below the maximum response, so it is satisfactory from an 
interference standpoint. 
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Fic. 13. H-plane pattern of 1,080-Mc. broadside array. 


More important than the squint would be currents on the vertical support 
rod; however, negative results were obtained on pattern measurements run to 
determine whether radiation existed due to support rod currents. 

Construction of the dipole is quite simple. It consists of three pieces of 
standard galvanized pipe and a standard tee, modified as shown in Fig. 14. 
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The only machining needed, apart from the drilling of holes, is that required 
to produce the flat of the tee; this can be done conveniently on a lathe or a mill, 
but can also be done with a file. The capacitor is soldered to the jack terminal 
before the external tube is soldered to the cable jack. Either a tube of insula- 
tion or several turns of insulator tape can be placed around the capacitor to 
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Fic. 14. Construction of simple y-matched dipole. 


prevent its shorting to ground. If it is deemed necessary the entire metal tube 
can be filled with silicone grease. The Lucite* block insulator effectively centres 
the brass tubing. The top of the capacitor is sealed by means of the pipe cap 
threaded to the capacitor base and the pipe cap at the top of the nipple. The 
parts for this dipole element should cost less than $7.00. 

Probably the most rigid and simple means of supporting the dipole is by 


* An acrylic resin made by E. I. du Pont de Nemours & Co., Inc. Perspex is a 
British equivalent—Editor. 
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Official U.S. Navy photograph 


Fic. 15. The completed dipole. 


embedding it in a concrete pier as shown in Fig. 16. To permit threading the 
coaxial cable through the vertical tubing, an opening to the outside of the pier 
must be provided. This opening can be made in a number of ways. A greased 
block which can be removed when the concrete has set is one means. Another 

is a curved or angled tube 


| m7 +S | which extends to or 

Spe eet = keg through the form boards. 

These form boards should 

be extended as shown in 

Fig. 16 to hold the 

radiating element. In 

saad | this manner all the radi- 

| ating elements can be 

made level and parallel. 

In addition the dipoles 

of the two antennas on 

| a single baseline should 

lie in as straight a line 
as possible. 

After the form boards 
are removed the ground 
screen can be built as 
shown in Fig. 17. The 
ground screen must fulfil 

















Fic. 16. Temporary supports for embedding dipoles 
in concrete. 
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one principal requirement—it must be sufficiently large to isolate the antenna 
from the conditions of the surrounding terrain. 

Pattern measurements have indicated that the minimum screen width 
required is about 15 ft. A width of 16 ft. has been selected because it is the 
nearest larger length that is a standard lumber size. The screen can be laid 
either parallel to the dipoles or perpendicular to them. If placed perpendicular 
to the radiators, the separate pieces of netting should be bonded by twisting and 
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Fic. 17. Ground screen. 


soldering or wiring together and soldering every few inches. To eliminate the 
soldering problem the radiators can be placed a standard wire width apart so 
that the screening can easily be placed parallel to the dipoles. Such a con- 
figuration can be built conveniently by placing the dipoles an even 6 ft. apart. 
The screen should be supported and stretch so that the sag is less than ¢ in. 
The effect on the antenna pattern of decreasing the dipole spacing from 3A/4 to 
6 ft. will be a slight increase in beamwidth and a somewhat greater coupling 
between elements. 

Before the screen is built the transmission lines to all radiators should be 
installed. There are several ways in which the feed structure can be built. 
One is the common “corporate structure” in which lines to two elements are 
joined and matched impedance-wise, then a line from a similar junction is 
joined to a line from the first junction and so on until all elements are fed from 
a single source. A method that appears simpler is proposed for this antenna. 
In this method, feed lines to all elements originate at a single junction box. 
For such a system all lines may differ in electrical length only by exact multiples 
of full wavelengths. If the total line lengths from the junction to the antenna 
feed points are made an odd number of quarter-wavelengths, then all the 
antenna currents will be equal, irrespective of mutual coupling effects. 
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The transmission line used to join the radiators to the junction box can be 
RG-8/U, RG-9/U or metal covered solid dielectric line. The aluminium- 
covered line is preferable for this use but RG-8/U is probably adequate. 
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Fic. 18. Junction box. 


Junction Box 
The construction of a junction box for an eight-element array is shown in | 
Fig. 18. For arrays with more elements, more feed points must be provided 
and the impedance of the quarter-wave matching transformer must be reduced. 


Antenna Matching 
To match the elements, because of their mutual coupling, all except the 
element to be matched should be connected to the junction box and each 
element adjusted individually. A convenient bridge for finding the best 
impedance match is shown in Fig. 19. Details on making the hybrid will be 
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described later. By means of the hybrid bridge the antenna capacity is 
adjusted until a null reading is obtained on the detector. However, the 
standing-wave ratio should be 
read using a standing-wave indi- 
cator, if one is available. tro 

After all the dipoles have ELEWENT 
been matched they are connected 
to the junction and the im- 
pedance into the junction is 




















measured. The VSWR* at this [!08 mc an 

point should be less than 1-1 if een \ [DETECTOR] 

the calibration is by surveying 

alone. To achieve this VSWR it HYBRID 

may be necessary to make small 

changes in the impedance of the 

matching transformer. rag | 

Transmission Line and Hybrid Fic. 19. Hybrid circuit for minimizing 

VSWR 


The transmission line joining 
the antennas to the hybrid junc- 
tion must be free of noticeable phase variation due to weather and must have low 
attenuation and negligible radiation. Since long lengths of it are required, its 
cost should be nominal. The open wire line shown in Fig. 20 appears to fulfil 
these requirements adequately. This line is made of two No. 8 wires. For 
extra strength, machine-straightened copper-covered steel wire was chosen. 
This wire costs about two cents per ft. The unstraightened wire costs about 
10 per cent. less but requires considerable stretching to eliminate kinks; the 
stretching process is troublesome and dangerous. 

The selection of the impedance of the line involves a compromise. A low- 
impedance line will give less line pickup but will also have a higher attenuation. 
The impedance of a high-impedance line will be less affected by motion due to 
wind. With No. 8 wires a line spacing of 1-8 in. gives an impedance of 400 
ohms. The pickup on this line is independent of line length and was measured 
as 26 db. below that from a dipole. Since the antenna gain is perhaps 14 db. 
above that of a dipole, the satellite signal picked up by the line is negligible 
(—40 db.) compared to the signal. 

Although balanced transmission lines with balanced-line hybrids have been 
built for phase-comparison purposes, it is preferable to build the hybrid from 
coaxial line. The transmission line is matched to 50 ohms at both ends. A 
quarter-wave matching section made up of two gin. quarter-wave capped 
tubes slipped over the wire as shown in Fig. 20 matches the line to 50 ohms. 
The J-type balun shown in Fig. 21 matches the 200 ohms balanced impedance 
to 50 ohms unbalanced. For best weatherproofing, the balun should be sup- 
ported so that its loop extends above the transmission line. 

The copper-covered steel wire will support itself for at least 500 ft. Ifa 
1,000-ft. baseline is used, the two lengths of line should be made equal before 

* Voltage Standing Wave Ratio. 
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Fic. 20. Open wire transmission line. 


installation. The spacing of the wires can be kept uniform by using spacers 
built as shown in Fig. 22. Spacers placed every 30 in. or so appear to keep the 
line spacing satisfactorily uniform. 

It appears advantageous to terminate the transmission lines at the centre 
of the baseline and to transform to unbalanced line before adding the signals in 
the hybrid. A _ termin- ise" wi PoLYETHVLENE? 
ation pole at the centre : 
will in addition permit 
the use of several base- 
lines all with the same 
centre. 


The Hybrid 

A hybrid that has 
proved to be satisfactory 
is shown in Fig. 23. The 
ring is made of 70-ohm 
cable (preferably double-shielded) and the antennas are connected to A and C. 
Then B has a null output when the signals at the antennas are out of phase, 
and D has a null output when they are in phase. The measured isolation 
between arms B and D with matched loads on A and C is shown in Fig. 24 as a 
function of frequency. 














Fic. 21. J-type balun. 


The Preamplifier|Converter Unit 
The interference of the waves from the two antennas has now been accom- 
plished in the hybrid junction. The outputs from the hybrid must be amplified 
in low-noise amplifier systems. The preamplifier is the secret of the low-noise 
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system. After sufficient low-noise amplification, the signal can be converted 
to a frequency suitable for amplification in a communications receiver. 


It now appears that 


preamplifiers for this 
purpose. But since none 
of these were available 
at NRL, a description 
will be given of a pre- 
amplifier developed at 
the Laboratory for the 
Prime Minitrack system. 
It is very similar to the 
preamplifier described in 
the December 1956 issue 
of OST. 

The schematic of this 
preamplifier is shown in 
Fig. 25. The input cir- 
cuit is designed to match 
a 50-ohm transmission 
line. This match is de- 
sirable to assure matching 
of the hybrid terminals 
and thereby obtain maxi- 
mum isolation between 
cross terminals of the 
hybrid. The use of an 





several converter manufacturers will market 
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impedance-matched input increases the receiver noise figure referred to 300° K. 
from less than 3 db. to something under 4 db. 

The low-noise amplification is obtained by means of two grounded-grid 
amplifiers. This circuit configuration gives a good noise figure and freedom 
from neutralization requirements because of its inherent stability. 
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Fic. 24. Measured isolation between arms B and D of hybrid (Fig. 23) with matched 
loads on arms A and C. 


Following these two stages, the signal is converted in the balanced mixer 
shown. For the Prime Minitrack system the balanced mixer is a necessity 
but for the Mark II system it is only a convenience owing to its low insertion 
losses, signal to local-oscillator isolation and local-oscillator noise cancellation. 
If a single local oscillator is used for both preamplifiers, isolation of the signal 
oscillator from the local oscillator is desirable to prevent interaction between the 
two signal channels. 


Local Oscillator 
The local oscillator (Fig. 26) consists of a fifth-overtone crystal oscillator, a 
buffer amplifier, a hybrid power divider, and attenuators. Much of the 
circuitry is needed to permit the use of a single local oscillator for two or more 
well isolated receivers. The hybrid gives a cross-arm isolation of about 30 db. 
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and the attenuators contribute 10 db. of attenuation each, giving a total 
isolation of 50 db. The balanced mixer gives an additional isolation of about 
15 db. The buffer amplifier is needed primarily to provide sufficient power 
(approximately 1 milliwatt) to each amplifier despite losses in the hybrid and 
attenuators. 

The crystal operates in the series mode at the fifth overtone. The exact 
fifth-overtone frequency was chosen to beat with 108 Mc. and produce 11-295Mc. 
for the Prime Minitrack intermediate frequency. If the communications 
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Fic. 25. Preamplifier developed at Naval Research Laboratory. 






































receiver used will tune to 11-295 Mc., this frequency can be used. If not, a 
crystal operation at a different frequency should be selected. In any case the 
coil L14 should be chosen to resonate with the crystal holder capacitance. 

The amplifier is conventional. The hybrid for power division can be built 
out of lumped components or of transmission lines as shown in Fig. 26. The 
converter and local oscillator can be placed at the centre of the transmission line 
with the intermediate frequency transmitted to the receiver by transmission 
line, or the signals can be transmitted to the converters and receiver by low-loss 
transmission lines. 


The Receiver 

The receiver needs only to be tuned to receive the 11-295-Mc. frequency, and 
a suitable pre-detection bandwidth perhaps as narrow as 1 Ke. can be used. 
The post-detection bandwidth, to maximize the signal-to-noise ratio, should be 
as narrow as is practical. To minimize phase shift, however, it should be about 
ten times the expected post-detection signal frequency. The maximum 
expected frequency for a 1,000-ft. baseline is about 3 cycles/sec., so a maximum 
post-detection bandwidth of about 30 cycles/sec. is indicated. Narrower 
bandwidths may be used for more distant satellite transits. For radio-star 
tracking, the pre-detection bandwidth should be as wide as possible and the 
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post-detection bandwidth very narrow. Using ten times the detected signal 
frequency as the criterion for radio stars, this post-detection bandwidth can be 
0-1 cycle/sec. 
The Recorder 

The recorder can be any of several types. The most desirable type is one of 
the direct-writing models with a frequency response up to 30 cycles/sec. or so. 
Galvanometer-type photographic recorders may also be used, but they are not 
so convenient and the higher frequency response is unnecessary. The paper 
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Fic. 26. Local oscillator. 


speed used on any of these recorders should be at least 3 in./sec. Preferably 
three channels should be available: two would be used for outputs from two 
receivers and one would be used for the time standard. The time standard can 
be the rectified 1,000-cycles/sec. WWV note.* In case the satellite passes 
during the 4-min. WWYV silent period the paper should be run until WWV 
reappears. Then, assuming linear paper speed the time of nulls can be approxi- 
mated. 

Another type of recorder that may be used is a low-noise tape recorder. 
Suitable circuits are shown in Fig. 27. For this type of recording the receiver 
outputs are detected and filtered in a low-pass filter with a fairly high-frequency 
cutoff (about 100 cycles/sec.) so that its phase shift will be negligible when com- 
pared to the phase shift of the final post-detection filter. After this filter the null 


* See Editorial Note on p. 419. 
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outputs are modulated by the different frequencies from the audio signal 
generator to give a signal suitable for tape recording. 

The WWYV second tick consists of five cycles of the 1,000-cycles/sec. signal. 
This signal can be filtered out by means of the filter shown, mixed with the 
signals containing the null information, and then recorded. The single tape 
now contains time information at 1,000 cycles/sec. and one null channel modu- 
lated by 2-5 Ke. and another modulated by 6-18 Kc. 

The tape recorder output can be put on a written record when convenient. 
A possible circuit is shown in Fig. 28. The WWYV signal is taken off by means 
of the 1-Kc. filter; the null information is taken off by means of the 2-5 Ke. 
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Fic. 27. Circuits for use with low-noise tape recorder. 


(or 6-18 Kc.) filter, detected and integrated by means of an appropriate low-pass 
filter. Fig. 29, 30, and 31 show recordings taken from tape for various signal 
levels. For these recordings the second pulses were added to the upper signal. 

The Naval Research Laboratory will have the necessary equipment for 
making paper copies of the data taken if the tape recordings are sent to the 
Vanguard Control Center at the Laboratory. 


Calibration of the Mark II Minitrack 


The purpose of calibrating the Minitrack systems is to determine the 
orientation of the equal phase plane of each baseline with respect to the local 
coordinates. The direction of the equal phase plane will depend on the orienta- 
tion of the ground antennas. The tilt of the plane will be a function of the 
lengths of the transmission lines from the antennas to the hybrid. 

To assure that the system will be capable of giving data accurately to 
30 sec. of arc, the position of the antennas should be level to this accuracy. 








416 ROGER L. EASTON 








RESONANT AT 


© TO SANBORN 




















RECORDER 


#—o TO SANBORN 






































RECORDER 
270K 


oS a. eee. ee 
0.5H 0.0012 | | lect T 
waacio $330 $27K Fo. 70.047 270K 
3 4 | 
= ¥ 
sl eaten RESONANT AT 
OKC Q=! 
on te .. looK 470K 
3 15H 0o1754 | E aa 
> T _ 4 L 
$629 oasis” $330 310K TO.IS TO0.015 
¢ > > 
RESONANT AT 
2.5KC Q=12 38 — sain 














Fic. 28. Circuit for obtaining written record from tape. 


For a 1,000 ft. baseline the antennas should be level to } in. or, if the antennas 
cannot be level, the angle of tilt should be known to better than 20 sec. of arc. 


The dipoles should be in line azimuth-wise. 


Once the baseline is set up the system should be checked by an independent 
method of calibration. Such a method involves the passage of a transmitted 


signal on known coordinates over the antenna field. 


A calibration transmitter could be carried by an aircraft, the position of which 
could be measured by an optical instrument on the ground. A system to do 
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Fic. 29. Recording taken from tape for —120 dbm level. 
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Fic. 30. Recording taken from tape for —115 dbm level. 
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Fic. 31. Recording taken from tape for — 100 dbm level. 


this has been designed for the Prime Minitrack system but is too complicated for 

Mark II use. 
Another source of radiation from known points is radio stars, including the 
Sun. Apart from the Sun, only two of the stars, Cassiopeia A and Cygnus A are 
of sufficient intensity to permit detection on the system with pre-detection 
bandwidths of 5 Ke. or so. A description of use of these sources has appeared 
|| in the April 1957 issue of QST. The intensity of 108-Mc. radiation from the 
{ Sun varies greatly from day to day and the centre of radiation varies about the 
face of the Sun; thus it is felt that the Sun is not a good calibration source. 
There remains one natural object that can appear as a transmitter—the Moon. 
The signal appears as a reflection from a powerful transmitter system on the 

Earth. 
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As a calibration source the Moon has a number of desirable features. The 
Moon always presents nearly the same attitude toward the surface of the Earth, 
so changes in the effective centre of reflection will be small. The declination of 
the Moon varies over about 40° in two weeks, so the Moon can be used to 
calibrate a large part of the ground antenna pattern in that length of time. It 
can also calibrate the receiving system in sensitivity and frequency of operation. 
The disadvantages of the Moon as a source are the doubt as to its reflection 
centre and the large amount of power needed to make it appear as an effective 
calibration signal. 

The work that has been done using the Moon has been a joint NRL-USASEL 
(U.S. Army Signal Engineering Laboratories) operation. The Diana radar at 
Fort Monmouth, operating at 151-11 Mc., was used as the transmitting source. 
Antennas were matched for the correct frequency, and on May 15, 1957, tests 
were begun. 

For most of these tests the transmitting and receiving antennas were cross- 
polarized; thus for maximum return the transmitted signal had to be rotated 
by an odd multiple of 90°. The signal strength varied greatly from night to 
night and within a single night. On most runs there were enough high- 
amplitude responses to permit drawing a line through regions of maximum 
response thereby obtaining a null reading. In view of this signal-strength 
change with time, the USASEL has started developing a circularly polarized 
transmitting antenna for this purpose. 

Since this system shows great promise as a calibration scheme for all Mini- 
track stations over half of the Earth’s surface, a joint NRL-USASEL project 
is being initiated to furnish a calibration signal at 108 Mc. Ona crash basis it is 
hoped that a suitable antenna and transmitter will be available during Novem- 
ber 1957. In view of this, a suitable target date for operation of amateur 
stations would be late fall of 1957. The schedule of Diana operation will be 
announced through amateur channels. 

The signal obtained from such a reflection will be weak, in the order of 130 
dbm., with an antenna gain of 50, so it is important that the maximum possible 
ground antenna gain be utilized. The signal will be so weak that any system 
capable of receiving this signal reflected from the Moon should have no difficulty 
in receiving a signal transmitted from the artificial Earth satellite. 

It is felt that groups so located as to be unable to use the Moon reflection 
system will probably be widely spaced, so that system accuracy of 1 min. of arc 
will give valuable data. The radio stars are easily usable to this accuracy. 

Moon reflections can be used for stations within 90° of Belmar, New Jersey. 
This includes the Western Hemisphere, parts of Africa and Europe, and some 
Pacific Islands. For these stations calibration accuracies to about 20 sec. of arc 
should be possible. 
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Grammer—American Radio Relay League, Alexander Beichek—Evans Signal 
Laboratory, Edward Blackwell—Evans Signal Laboratory, Alan Gross—Evans 
Signal Laboratory, Major J. Maberry—U.S. Army, and Major E. Hagerman— 
U.S. Army. 

EDITORIAL NOTE 


Time Standard in Recording Minitrack Signals 

Miss L. G. Secker, of the Radio Services Department, General Post Office, 
has provided the following information concerning time standards broadcast 
from Great Britain: 

The one-cycle timing pulses emitted from Rugby (MSF) on frequencies of 
2.5, 5 and 10 Mc./sec. are of a similar type to those from WWYV, i.e., 5 cycles of 
1,000 c./sec. tone each second. The sixtieth pulse is extended to serve as a 
minute marker. 

These pulses are not emitted all the time, however, but are given only at 
5-10, 20-25, 35-40, and 50-55 minutes past the hour. The full modulation 
programme is as follows: 











Minutes past each hour Modulation 
0-5 | 30-35 | 45-30 || 1,000 c./sec. 
5-10 | 20-25 | 35-40 50-55 1 c./sec., sixtieth pulse increased in 


duration to 100 milliseconds 
y+ 
26 40-44 55-59 Unmodulated 


Speech announcements 
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A booklet entitled ‘““MSF’’, containing these and other details, can be 
obtained free of charge on application to: The Secretary, National Physical 
Laboratory, Head Office, Teddington, Middlesex. 





CONTRIBUTIONS TO THE JOURNAL 

The Journal was founded in January, 1934; its circulation is continually 
increasing and now amounts to over 5,000. The Journal is the only professional 
publication issued in Great Britain that deals with all aspects of astronautics. 
However, papers printed in the Journal are not restricted to those by British 
authors; the Society has always had wide international contacts and contribu- 
tions from overseas are welcomed. 

Contributions (papers, short communications or correspondence) should 
deal with astronautics, planetary astronomy, or some related subject. 
Particulars of other requirements may be obtained from the Editor (to whom 
manuscripts should be addressed): G. V. E. Thompson, 31, Brooklands Gardens, 
Hornchurch, Essex. 
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TECHNICAL REVIEW 


Compiled by E. T. B. Smitru, B.Sc., D.C.Ae., A.M.I.Mech.E., A.F.R.Ae.S., 
FELLOW 


The compiler finds himself rather baffled by the rate at which things happen 
now: in the old days, one could report someone’s conjecture or design, without 
much worry about being out of date by the time the material got published. 
Everything was in the future, so a month’s delay did not matter. Now, the 
necessary delays between preparation and publishing make TECHNICAL REVIEW 
hopeless as a bearer of hot news, but it seems necessary to try and read what goes 
on, even at the risk of boring our-well-informed members. 


Observations on the Russian Satellites 


Nature for November 9, 1957, 180, 937-944 has a number of papers on 
observations made on Sputnik I. The first is by the staff of the R.A.E., 
Farnborough, and it describes the interferometric measurements, made at 
Lasham, and the Doppler results from Aberporth, Branshot, and Cove (R.A.E.), 
Malvern (R.R.E.), Baldock, Banbury and Brentwood (G.P.O.), Tatsfield 
(B.B.C.) and Great Baddow (Marconi’s Wireless Telegraph). The interferometer 
at Lasham is described: it operates on 40 Mc./sec. and consists of four bent A/2 
dipoles, arranged at the corners of a square of about 100 ft. diagonal (about 4) 
at a height of A/4. The directional accuracy achieved is 0-1°. The method of 
computation, considering rectilinear motion over a flat Earth, is described, and 
it is noted that, to exploit fully the accuracy of the data, machine computing 
with allowance for the Earth’s curvature is needed. A Pegasus computer is 
being used for this. Similarly, reduction of the Doppler data (for a flat Earth) 
is discussed. 

The paper then goes on to some general features of satellite orbits: the main 
perturbations to the basic elliptical orbit, those of oblateness and atmospheric 
drag, are noted, and a list is given of the oblateness perturbations. Particularly 
since Sputnik I’s orbit had only a small rate of rotation of its major axis, the 
data obtained from the radio measurements are shown to be adequate for 
forcasting the track for several days, given one fix on the track. The atmos- 
pheric density has been computed from the observed rate of decrease of the 
period, giving a value of 2 x 10-" of the ground level density at 130 nautical 
miles altitude. 

The second paper, by staff of the Jodrell Bank Experimental Station, 
describes the improvised radar systems which were installed at great speed to 
track the satellite. Two equipments were used: a long-pulse apparatus on 
120 Mc./sec. intended for studying lunar echoes and a 36 Mc./sec. set for echoes 
from meteor trails. Contact was first made by the 36 Mc./sec. set on October 11, 
1957, and an echo was obtained next day at a range of 530 km. With the 
120 Mc./sec. set, contact was made with the rocket at 1,430 km. 

Two other papers in Nature give data obtained by the University of Illinois 
Observatory by interferometry on 40 and 20 Mc./sec. and from Marconi’s 
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Wireless Telegraph at Great Baddow, Essex, using a simple Doppler syste 
40 Mc./sec. 

For readers who are interested in radio satellite observation, attention is 
drawn to two articles in Wireless World, December, 1957, 63 (12), 574-578, 
579-581. The first consists largely of a translation of articles from the U.S.S:R. 
journal Radio, June, 1957, (6), 14-17, 17-19, which listed the characteristics of 
the Sputnik transmitters and indicated how the signals could be received and 
used. The second article (by O. J. Russell) gives useful practical data on making 
Doppler and interferometer measurements, aimed particularly at radio amateurs 
operating on 21 Mc./sec.: a crystal-controlled converter is described, for use 
with a communications receiver, which can probably be built for not many 
shillings, and a layout for a simple interferometer is shown. 

Infra-red ‘‘sightings’’ of Sputnik I are noted in Aviation Week, November 4, 
1957, 67 (18), 31: even after the satellite had passed out of the Sun’s rays an 
infra-red signal was received, at an intensity higher than expected from any or 
all known sources. No spectral analysis of the radiation was given, but an 
uncooled lead sulphide infra-red cell was used: this is sensitive only to radiatign 
of wavelength shorter than about 3 microns. 

The Ohio State University Radio Observatory at Columbus has tracked 
Sputnik I and II by using the ionization trails left by the satellites (Aviation 
Week, January 27, 1958, 68 (4), 37) to reflect the 20 Mc./sec. standard frequency 
transmission from Station WWV near Washington, D.C. The technique could 
only be used when the ionospheric reflection at 20 Mc./sec. was negligible, 
primarily at night-time. Apparently, during December, 1957, Sputnik I broke 
into three fragments, and on January 4, 1958, two of these broke up further, 
with an interval of about 8 minutes between the passage of the first and last 
pieces. Two days later, eight fragments were detected, and these, like the little 
nigger boys, got lost until nothing at all was detected on January 10. 

Strong reflections from meteor trails last for two or three seconds only, but 
the satellite ionization trails last from one to two minutes. 


m on 


The U.S.A. Satellites 

The first U.S.A. Earth satellite was placed in an orbit on January 3, 1958, 
with apogee and perigee of 1,587 and 219 miles respectively. It was fired from 
Cape Canaveral, Florida, using one of the Jupiter-C test vehicles, based on the 
U.S. Army “Redstone” missile. Apparently the Redstone propulsion system 
was fairly extensively modified, since the “exotic’’ fuel Hydyne (a 60 : 40 
mixture of unsym-dimethylhydrazine and diethylenetriamine) was used. 
Aviation Week, December 9, 1957, 67 (23), 77-78 and December 23, 1957, 
67 (25), 39 indicates that the satellite consists of an instrument package 30 in. 
long and 6 in. diameter, attached to the single solid propellent motor firing the 
third and last stage, and is 80 in. long overall: it weighs about 30 Ib. and contains 
instrumentation, telemetering on 108 Mc./sec., which is intended to measure 
cosmic ray intensity, temperatures, and micrometeor impacts. The solid 
propellent rockets used in the second and third stages are Thiokol “Recruit” 
motors. It is also reported that the U.S. Army may later launch another 
satellite of 1,000 Ib. mass, using a Jupiter first stage with Thiokol ‘‘Sergeants”’ 
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Photo: Rocketdyne 


Fic. 1. Preparing a Redstone engine for delivery from the Canoga Park, California, 
plant of Rocketdyne (a division of North American Aviation, Inc.). 
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Photo: U.S. Information Service 


Fic. 3. Test firing of Atlas I.C.B.M. at Cape Canaveral: frames from high-speed 

camera record. Af? /eft: the surface sheathed in frost from liquid oxygen, the giant 

weapon begins to rise as its retaining launcher arms are released. At centre: twin jets 

from the rocket engines become visible as the Atlas climbs clear of the cloud of flame 

and steam. A? right: the exhaust from the fuel system turbo-pumps form a third plume 

of flame spurting from the base of the weapon as it soars skyward. Expendable 
launcher tubing is burning on the pad. 


as second and third stages. The Redstone engine (Fig. 1) in its normal con- 
figuration is stated to produce more than 75,000-lb. thrust (on LOX/alcohol) : 
Fig. 2 shows one on test at a North American Rocketdyne plant. 

As we know, Vanguard hardly lived up to its name. The first firing of 
a vehicle containing a satellite (TV-3)* was made on December 6, 1957: the 
launching vehicle lifted a few feet off the ground and then caught fire. Aviation 
Week, December 16, 1957, 67 (24), 28-30, reported that there was a failure of 
the “fuel pressurization system.”’ 

The next firing (TV-3 backup) took place on February 5, 1958: according to 
the Manchester Guardian of February 6, the launching vehicle reached 10,000 ft., 
deviated from course, and broke in two. The range safety officer destroyed it 
in the air. 


* Test vehicle zero, or TV-0, was fired on December 8, 1956. It was a single-stage test, 
using a Martin Viking rocket. TV-1, on May 1, 1957, was a two-step rocket, using a Viking 
as the first stage and a prototype of the Vanguard's third stage. TV-2 on October 23, 1957 
consisted of a prototype of the first stage of the final launching vehicle and second and 
third stages which were ‘“‘dummies’’ except for some test instrumentation. This rocket 
was the first to have the external configuration of the final launching vehicle. All three 
firings were highly successful. The successful launching of the Vanguard One satellite 
on March 17, 1958, was officially designated TV-4.—Editor. 
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Ballistic Missiles 

Ballistic missiles always strike the compiler as a misguided form of space 
flight, but when there are some spare ones available they may come in very 
useful and a look at progress should be made now and then. Perhaps the 
most sophisticated vehicle yet fired (that we are told about) is the U.S.A.F. 
Atlas. Reports in Aviation Week (December 23, 1957, 67 (25), 22-23; January 
13, 1958, 68 (2), 27; January 20, 1958, 68 (3), 27) state that, after two abortive 
attempts in June and September, 1957, successful firing was made in the 
middle of December, 1957, from Cape Canaveral: a range of 500 miles was 
achieved. A second successful firing was made on January 10, 1958. Atlas 
is a two-stage vehicle, with two North American Rocketdyne boost engines of 
165,000-Ib. thrust each, and a sustainer of 65,000-lb. thrust. It is 80 ft. long 
and 10 ft. in diameter: the corrugated, blunted nose cone is 9 ft. long. The 
vehicle has no fins, but there are two externally mounted guidance packages. 
Directional control is achieved by two vernier engines whose jets emerge at an 
angle above the main exhaust. A recent firing is shown in Fig. 3. 

Jupiter is the U.S. Army IRBM, developed at Redstone Arsenal from the 
Redstone vehicle: this is 62} ft. long and 7 ft. in diameter, the single engine 
having a nozzle exit of about 4 ft. diameter (Aviation Week, January 13, 1958, 
68 (2), 29). It has been successfully launched, as shown in Fig. 4. 

Thor is the U.S.A.F. IRBM, built by Douglas. It has a 165,000-Ib. thrust 
Rocketdyne engine: the general configuration is shown in Fig. 5. 

The U.S.S.R. IRBM (Aviation Week, November 18, 1957, 67 (20), 26-27, 29, 
30), has a 228,000-lb. thrust engine, operating on LOX/Kerosene. It is about 
70 ft. long with a range of 1,000 miles. 

Progress on the U.K. ballistic missile is noted in Aviation Week, December 23, 
1957, 67 (25), 41; January 27, 1958, 68 (4), 61, in which it is stated that the 
initial test of the Rolls-Royce rocket engine intended for the first British 
IRBM was expected by the end of January, 1958, at the Ministry of Supply 
“Missile Test Base’ at Aberporth, Wales: the engine is reported as being built 
under licence from North American Aviation and modified for missile design 
by de Havilland Propellers. It is also stated that an IRBM launching site will 
be built at Lake Hart, which is a dry salt lake 30 miles west of Woomera village 
in Australia. Its expected cost was given as $12,000,000. 


Satellite Lifetime Computations 

Two letters in Nature (December 21, 1957, 180, 1413; December, 28, 1957, 
180, 1467) deal with the problem of estimating, by simple means, the lifetimes 
of artificial satellites from observations on their orbits. The first, from J. A. 
Fejer of the National Telecommunications Research Laboratory, Johannesburg, 
is based on an assumption for the air resistance, namely that it causes a maxi- 
mum height drop proportional to exp (—r/H) d@, where r is the distance from 
the centre of the Earth, H the atmospheric scale-height, and @ is the angle 
measured from perigee. It is shown that this leads to the expression: 


,= h,|h, 
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where ¢, is the lifetime in days, /, is half the difference between apogee and 
perigee distances and h, is the initial rate of losing height at apogee. For 
Sputnik I, with h, = 210 statute miles, h’, = 24 miles/day, a lifetime 4, of 87 
days from October 20, 1957, (i.e., to January 14, 1958), when these measure- 
ments were made, was obtained, and for its launching rocket a total lifetime of 
56 days (to November 29, 1957). 

The second letter, by J. M.C. Scott of the Cavendish Laboratory, Cambridge, 
gives a method which is based on the assumption that the air resistance de- 
creases exponentially with height near the perigee; it is not necessary to know 
either the air density or the scale-height. The result obtained is that the 
lifetime remaining after a particular observation is: 


0-30 (Anax.—Amin.)|— (dT /dt), 


where dT /dt is the rate of decrease of the period, in seconds per day, and the 
maximum and minimum heights are expressed in kilometers. The result is 
of course approximate and depends also on the assumption that the orbit is 
sufficiently eccentric for air resistance to be encountered mainly on the perigee 
side. Using the following data, believed to have an epoch of November 9, 1957: 











i] 
Sputnik I Rocket | Sputnik II 
as. |... | ee | 5,609 6,211 
Diminution (sec./day) as Rs Bhd 2:94 | 6-3 2-3 
Apogee (km.) aid oh we : ‘ 810 | 695 1,650 








a perigee of about 210 km. was inferred for all three vehicles, and the lifetimes 
were estimated to end during November 9, 1957; December 1, 1957; and May, 
1958, respectively. We may note that Sputnik I died on January 4, 1958, and 
the rocket on December 1, 1957. 


Propulsion 

Some solid propellents with very high specific impulse are reported; one 
with a specific impulse of 285 sec. has been produced by the Allegany Ballistics 
Laboratory (Aviation Week, November 11, 1957, 67 (19), 23). A boron-based 
fuel component has been made by Callery Chemical Co., it is believed that this 
will be used in conjunction with lithium perchlorate as the oxidant (Aviation 
Week, December 9, 1957, 67 (23), 31). 

Bell Aircraft Corp. and Rocketdyne are reported to be conducting tests with 
small fluorine-burning rockets, with ammonia and unsymmetrical dimethyl- 
hydrazine as fuels. Specific impulses of over 300 sec. are expected, but it is 
pointed out that large scale production of fluorine engines is still four or five 
years away (Aviation Week, January 13, 1957, 68 (4), 61). 


Radio Phenomena 

The radio telescopes at Cambridge and Jodrell Bank were discussed in the 
last TECHNICAL REVIEW, and we can now go on to another of the dish-type 
instruments, that at the Royal Radar Establishment, Malvern. A paper by 
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the Staff of R.R.E. (Nature, December, 1957, 180, 1,225) shows what can be 
done with (comparatively) little money and some ingenuity. The telescope 
has a parabolic dish 45 ft. in diameter, with a focal length of about 20 ft., 
which is made of aluminium alloy and weighs less than 4 tons. Tolerances 
of + 4 in. at the centre, +4 in. at the periphery, were achieved. The total 
cost was about £10,000, including £3 for a steel telegraph pole from the G.P.O. 
to carry the radar aerials at the focus. The dish is mounted on an old radar 
turning gear, which permits elevations of 5° to 85° to be used. The telescope 
can be operated in winds up to 30 m.p.h., and will withstand gusts up to 110 
m.p.h. 

Originally it was intended that the telescope should be first used in an 
attempt to detect the 91 cm. spectral line from deuterium in the galaxy, but 
when Sputnik I came along a 10 cm. radar transmitter was installed. This has 
a peak power of 2 MW. with a pulse width of 5 ysec., and the receiver has a 
bandwidth of 500 kc./sec. The field of view at this wavelength is $°; this made 
lining up the telescope with the satellite difficult, as track predictions from the 
40 Mc./sec. satellite transmission were not sufficiently accurate. However, 
some echoes were obtained from the launching rocket at a range of 1,400 km. 
The satellite should be observable at 1,000 km. with the equipment. 

The same equipment has also been used to get echoes from the Moon; the 
short wavelength and short pulsewidth combine to give range measurements 
which are sufficiently accurate to discriminate between features of the Moon’s 
surface about 1 km. apart in depth, which is better than that achieved by 
optical methods. 

The same issue of Nature (p. 1253) has a letter from F. Horner of the 
D.S.I.R. Radio Research Station at Slough, dealing with radio noise from the 
planets Jupiter and Venus, which points out that, if this noise originates from 
lightning flashes, the scale on the planets greatly exceeds that of the terrestrial 
phenomena; or that much more energy is liberated at high frequencies; or that 
some sort of focussing action occurs. Also, planetary noise appears to be in 
the form of bursts, and it is pointed out that this may be associated with 
fluctuation in the propagating medium rather than with conditions at the source. 

In Nature, November 9, 1957, 180, 944, Christiansen, Mathewson and Pawsey 
of the C.S.I.R.O. Radiophysics Laboratory in Sydney discuss a radio heliograph 
they have constructed. This consists of an array in the form of a cross with arms 
1,240 ft. long: dishes 19 ft. in diameter with tracking motion are spaced 40 ft. 
apart along the arms. A wavelength of 21 cm. is used. The array gives 
a number of very narrow beams in a square grid, which scan the Sun’s disc in 
sequence, so building up a “‘picture’”’ in the manner of television. The beam- 
width is about 3’ of arc, and the spacing between beams is 1°. The data obtained 
indicate that there is considerable correspondence between “‘brightness”’ at 
21 cm., in white light, and in Ha radiation; there are, however, bright areas at 
21 cm. which fall well outside the visible disc, and give a direct measurement of 
the height in the corona at which the disturbances originate. 


WANTED—Back issues of Journal of the British Interplanetary Society, bound or unbound. 
Interplanetary Publishing Co., 12, Bessborough Gardens, London, S.W.1. 
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Thirteenth Annual General Meeting 


of the 


British Interplanetary Society 


Limited (By Guarantee) 





NOTICE IS HEREBY GIVEN that the THIRTEENTH ANNUAL 
GENERAL MEETING of the BRITISH INTERPLANETARY SOCIETY will 
be held in the Kent Room, Caxton Hall, Caxton Street, London, S.W.1, on 
SATURDAY, 19 July, 1958 at 6 o’clock in the evening precisely, for the 
transaction of the business specified in the Agenda below. 


AGENDA 


1. To hear the Chairman’s Address. 

To receive the accounts and balance sheet for the period from 1 October, 

1956 to 31 December, 1957, and the auditors’ report thereon. 

3. To elect four Members of the Council of the Society. In accordance with 
Article 15, J. Foley, K. W. Gatland, P. Moore, and G. V. E. Thompson will 
retire at the meeting, and offer themselves for re-election. 

In addition, Dr. N. H. Langton (a co-opted member) retires in accord- 
ance with the provision of Article 18 and also offers himself for re-election. 
If other additional names are nominated and the number of nominations 
exceeds the number of vacancies, election will be by postal ballot. The 
last date for receipt of nominations is 17 May, 1958. 
4. To consider and, if thought fit, to pass as an Ordinary Resolution: 
“That the total number of the Members of the Council be increased 


~~» 


from 12 to 15. 
(This matter has already been approved by the Council and is now submitted 


to the members for approval in accordance with the provisions of Article 13.) 
To consider and, if thought fit, to pass as a SPECIAL RESOLUTION: 

“That article 16 be amended by the deletion of the word ‘six’ and the 
insertion of the word ‘twelve’ in its place.” 

(The effect of this is to require twelve weeks’ notice of nomination for 
election to the Council before the date fixed for the meeting, and so allow ample 
time for the sending out and return of the ballot papers, particularly from the 
point of view of members abroad.) 

General discussion of the affairs of the Society during the past year. 
By order of the Council, 
L. J. CARTER, Secretary. 


bo 





or 


7. Any other business. 


A member who cannot be personally present at the meeting may appoint by proxy some other 
person (who must be a member of the Society) to attend and vote on his behalf, subject, however, 


to the limitation that a proxy cannot vote except on a poll. 
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The First Year of Spaceflight 

The events which have made the past year one of special significance in the 
development of astronautics are so well known that it is almost superfluous 
for me to remind you of them. It is sufficient to state that artificial satellites, 
man’s first space vehicles, are no longer a matter of long-range scientific 
speculation or fantasy, but have become familiar objects of everyday life. 
Thus, the first objective in astronautics has been achieved and there is little 
inclination, even in the most conservative scientific circles, to doubt that more 
ambitious goals will be reached within the foreseeable future. 

While the satellites are contributing significantly to our scientific knowledge 
of space and the upper atmosphere and will add far more in the future, their 
most important role is the enormous stimulus which they are providing to 
further steps in spaceflight. To the two major powers, U.S.S.R. and U.S.A., 
the attainment of interplanetary flight has now become a matter of national 
prestige and, no doubt, considerable resources will be devoted to the enterprise. 
The smaller nations are, inevitably, prevented by economic considerations from 
competing upon anything like an equal footing with these large states. Unless 
future long-term scientific developments make the conquest of space a less 
costly business, the only hope that exists for the scientists and engineers in the 
many small nations to participate in this exciting new chapter in human history 
lies in international collaboration. It is in the light of this situation, parti- 
cularly, that the future role of the B.I.S. must be assessed. The promotion of 
international co-operation in spaceflight, especially through the medium of the 
I.A.F., will be an important aspect of our policy. 

At this critical juncture in the development of astronautics the B.I.S. has 
entered its 25th year. We can look back over this quarter-century with 
some pride, for during that time the Society has played a significant part in 
advancing the education of the public and scientific bodies in astronautics. 
We have contributed, through published articles, many original ideas, some 
of which have been developed subsequently and have become part of the fabric 
of astronautics. The concept of a small instrumented satellite as a scientific 
tool, basic ideas about nuclear and ionic propulsion, re-entry, the dynamics of 
space rockets, biological aspects such as weightlessness and closed cycles of 
food and respiration are among the many topics which received original scientific 
treatment in B.I.S. lectures and published papers. In many instances, we have 
been first in the field and it is important that we should draw attention to the 
fact from time to time. While doing so, we must be determined that our future 
efforts shall exceed those of the past. This is particularly important insofar 
as the newly acquired respectability of astronautics has brought with it the 
inevitable threat of competition from older and more firmly established societies, 
organizations that have contributed little to the subject in the past, but now 
find the field extremely attractive. It is as well that we should recognize the 
inevitability of such competition and prepare to counter it with the quality of 
our own endeavours. . 
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As the second year of spaceflight dawns, the B.I.S. will enter its second 
quarter-century. During that period we may well see the first landing of 
a manned rocket on the Moon. The question arises as to whether this will be 
the result of a race between nations each trying to demonstrate its superiority 
in the technical sphere or a truly international undertaking. Our Society can 
still do much in concert with like-minded organizations to work towards the 
latter objective. Interplanetary flight is a matter of concern to the whole 
human race and not just to the 10 per cent. who happen to have been born, 
quite by chance, in the great nations. If spaceflight is carried out on a narrow 
nationalistic basis, it will hardly be worthwhile. 

The objective of pursuing the conquest of space as a truly international 
operation, will be a particularly difficult one to achieve, but it should now be 
the prime aim of the astronautical societies of all countries. Two vital con- 
ditions will have to be fulfilled, before we can seriously work towards this goal. 
First we must convert the International Astronautical Federation into a much 
more powerful and effective body. Secondly, existing astronautical societies 
must be greatly strengthened and new bodies which are truly representative of 
scientific and engineering circles must be set up in those countries which, 
currently, do not possess such organizations. 

The keynote of B.I.S. policy as it moves on into its second 25 years is to 
play a major role in trying to implement these conditions for an international 
programme in astronautics. Within our own house, we must, at the same time, 
strive towards the achievement of a higher technical status for the B.I.S._ It is 
our intention to improve progressively the size of our Journal and the quality 
of its contents. At the same time we do not intend to depart from our old- 
established policy with regard to the popularization of interplanetary flight. 
It is, after all, the man in the street who pays for nearly all present-day research 
and he deserves to be brought fully into the picture. No scientific body, today, 
can have any justification for ignoring the layman and failing to keep him fully 
informed of progress. This is particularly true in the field of astronautics, 
where the layman is hardly likely to reap any material benefits from develop- 
ments in the foreseeable future. The B.I.S. therefore will continue to fulfill its 
dual function of being both a popular and technical society at the same time. 
It intends to make no apology to those who consider that no respectable 
scientific body should pander to the general public. Such an attitude is com- 
pletely out of date and we have no intention of giving the slightest consideration 
to that view. 

Having dealt with matters in a general manner, I propose now, to consider 
some of the detailed aspects of our activities during the past year and to give 
you some idea of our plans for the immediate future. 


Publications 
During 1957, the Society published four quarterly issues of Spaceflight and 
four issues of the Journal. We intend to maintain Spaceflight as a quarterly 
publication in 1958, but, because of the considerable increase in the material 
now being submitted for the Journal, it has been found necessary to return to 
our earlier practice of issuing it bi-monthly. This is an encouraging state of 




















CHAIRMAN’S ADDRESS 431 





affairs, particularly as the increasing stockpile of submitted papers is enabling 
us to exercise greater stringency in the selection of articles. However, we shall 
now be maintaining a volume of publication which is 80 per cent. greater than 
that of 1956, and the present membership subscription rates on their own will 
not be sufficient to cover such an expansion. An increased advertising cam- 
paign is being pursued with a view to offsetting some of the extra cost. 

In 1957, the publication ‘Realities of Space Flight”’ made its first appearance. 
This reproduces many of the papers which appeared in the Journal during the 
decade after the war. These were selected in such a way that the book forms 
a fairly coherent work covering many of the more important aspects of astro- 
nautics. The present year should see the appearance of further B.I.S. books, 
namely the “Handbook of Astronautics,” a short historical review entitled 
“25 Years of Astronautics,” and a joint B.I.S./Royal Aeronautical Society 
publication, the Proceedings of the Cranfield Symposium. 

It would be inappropriate to leave this subject without recording the 
thanks of the Society to the editors who were responsible for the 1957 publica- 
tions, namely Mr. G. V. E. Thompson, Mr. Patrick Moore and Mr. L. J. Carter. 
They and their editorial advisers have carried out a very important section of 
the Society’s activities and have given up countless hours of their time to do so. 


Membership 

The membership of the Society continued to increase throughout 1957 and 
at the end of the year stood at a total of 3,188, consisting of 5 Honorary Fellows, 
885 Fellows, 51 Senior Members, and 2,247 Members. It is the intention of the 
Council to continue the drive to expand both the professional and non-professional 
membership. However, we consider that the time has come when we must 
increase the status of Fellowship by introducing stricter requirements for entry 
into this grade. At the same time the Council proposes that one or two inter- 
mediate grades should be introduced to take those technically qualified appli- 
cants who would no longer satisfy the more rigorous requirements for Fellowship. 
Definite proposals will be put before the membership of the Society, later in the 
current year. In the meantime, any constructive comments which members 
might like to send to the Council will be appreciated. 

This is perhaps a suitable point at which the annual plea to members 
regarding payment of subscriptions should be made. In the current year the 
rate at which subscriptions have been renewed have been slower even than in 
previous years. The failure of members to renew their dues promptly inevitably 
throws a heavy burden onto the shoulders of the Secretariat, and it makes 
financial planning very difficult. Members who maintain banking accounts 
are reminded that there is a particularly simple method of payment, namely by 
means of a banker’s order, which greatly reduces the secretarial effort required 
in dealing with subscriptions. 


Administration and Finance 
This year we have increased the subscription rates for all grades of member- 
ship after a long period during which they have remained static. It is fair to 
remind our members, in this connection, that the Council and Secretariat have 
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been able to resist inflationary trends far more successfully than many other 
societies. This has been due mainly to sound planning and economies at 
headquarters and sustained voluntary effort on the part of those people most 
closely associated with the organization of the B.I.S. affairs. To a certain 
extent we have been helped, also, by the steady expansion in the membership 
which has led to a corresponding increase in revenue without any change in the 
level of the individual dues. The present increases in the subscription rates 
have been made, in fact, not as the result of our yielding to inflationary pressure, 
but because the Society, at this critical juncture, has to expand its activities 
or gradually fade out of the picture. The Council was happy to note that in 
the recent ballot a substantial majority of the members supported the 
increase. 

It is also interesting to note that while many members wrote letters protest- 
ing against a change in the dues many others have expressed the view that the 
increases were not large enough. This is a point of view which deserves some 
comment. The increases which have been accepted by the members and which 
are now in force will not, in fact, be sufficient to pay for the expansion in publi- 
cation and other changes which we desire to make in the running of the Society. 
However, the Council is endeavouring to find other methods of raising revenue, 
such as increased advertising in the Journal, to make up the balance. 

At this point it is appropriate to thank all those members who have made 
donations to the Society over the past year. Such donations are of great value 
as an important source of revenue. 

In the past year expenditure exceeded revenue due mainly to the large 
increase in the volume of published material. The considerable increase in 
postal charges was, also, a contributing factor to the deficit. On the income 
side there has been a significant upward trend in revenue from the sale of 
publications and from advertising receipts and it is interesting to note that 
more than a quarter of the Society’s total revenue now stems from sources other 
than membership subscriptions. The Council and Secretariat intends to 
encourage this trend though it is still very important that we should continue 
our efforts to increase the membership and the revenue directly derived from 
members. 

Turning to the administration of the B.I.S., I must remark, first, upon the 
outstanding effort that has been applied by the Secretary and his assistants to 
the day-to-day running of the Society’s affairs. Because most of this effort 
has been part time and voluntary, it has been necessary to keep the London 
headquarters open until a late hour on most evenings. This method of con- 
ducting the business of the Society, however, cannot be continued indefinitely 
and it is imperative that we should, in the near future increase the office staff 
and engage the Secretary on a full-time basis. We feel that only by this means 
can we hope to run the Society at the level of efficiency that will be essential for 
our existence in the new era of astronautics. In the meantime we must continue 
to rely upon the enthusiasm of the Secretary and his colleagues in devoting 
their spare hours to this task and express our sincere thanks for their unstinted 
efforts. 

It is appropriate to draw attention at this point to the inadequacy of our 
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present office accommodation at headquarters. This has remained substantially 
unchanged over the past six years despite the fact that the Society has doubled 
in size. An expansion in office accommodation is now essential. As a tem- 
porary measure we hope to obtain additional rooms at our present address, but, 
in the longer term, a transfer to new premises is regarded as desirable. With 
increased accommodation, we would hope to be able to expand our library and, 
particularly, to remedy the present deficiency in periodicals. In this connection 
I would like to take the opportunity of addressing an appeal to members to 
donate suitable material to the library. 


Council and Committees 


The Council has continued to meet at monthly intervals throughout the 
period under review. The volume of business which now has to be transacted, 
however, has become so great that a considerable proportion of the work must 
be handled by committees. 

A new committee made up of Council members which has been brought into 
operation during the past year is the Technical Policy Committee which meets 
on one Saturday every month, in between Council meetings. Most of the work 
which this Committee carries out is business which would otherwise take up 
the time of the Council and, insofar as the Technical Policy Committee meetings 
extend from 11.00 a.m. to 6.00 p.m. apart from a lunch interval, the work of 
this group alone has enabled us to more than double the effective output of the 
Council. 

Other committees, standing and ad hoc, which have functioned during the 
past year are as listed in Appendix I. 1 

Since a large proportion of the membership of these committees is drawn from 
the Council, it is fairly clear that the Council members must now carry a very 
heavy burden of work. It is now considered desirable that the Council should 
be increased in size, in order to distribute this burden over a larger number of 
backs. Initially it is proposed that the number should be increased to 15, but 
it is possible a further increase to 18 might be requested at a later date. 


Meetings and Symposia 


During the period from 1 October, 1956 to 31 December, 1957, the number 
of general meetings held in the London area was seventeen, including the 
Annual General Meeting, an extraordinary general meeting, eleven public 
Saturday evening lectures, a rocket propellent demonstration, a film show and 
three informal meetings. 

The greatly intensified interest, in scientific and engineering circles, in the 
subject of astronautics has enabled us to enter a new field of activity, namely, 
the holding of technical symposia. Hitherto the B.I.S., apart from its partici- 
pation in the I.A.F. congresses has not associated itself with the organization of 
meetings of this nature. In 1956, however, as a result of a proposal by Mr. 
T. R. F. Nonweiler, we were approached by the College of Aeronautics, with the 
suggestion that we should jointly organize a symposium with an astronautical 
theme. Subsequently, the Royal Aeronautical Society expressed an interest 
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in this project and a committee under the chairmanship of Professor A. D. 
Baxter was set up to organize the symposium. The outcome of this work was 
the highly successful Cranfield Symposium on High Altitude and Satellite 
Rockets. It was particularly gratifying that strong support, in the form of 
four main papers, was forthcoming from the U.S.A. and a delegation of three 
representatives from the U.S.S.R. Academy of Sciences, as well as visitors from 
other countries, attended the meeting. 

The success of the Cranfield Symposium has encouraged us to plan further 
exercises in this area. As part of our 25th Anniversary Celebrations, we are 
currently planning a Space Medicine Symposium, following proposals advanced 
by Dr. A. E. Slater, who has agreed to be general secretary of the Conference. 
A committee has been set up for the purpose of organizing the Symposium, 
which, it is hoped, will have an international basis. 


Branch Activities 


The meetings held in the provincial branches of the Society have been 
mentioned above. I should like to comment briefly, however, on new activities 
which are being undertaken in our branches. 

Particular note should be made with regard to the work of the Yorkshire 
Branch, who with premises provided by the Harrogate Council, have set up 
a small observatory. It is intended to equip this observatory to participate in 
the satellite tracking programme, using visual, photographic and, possibly, 
radio methods. A considerable amount of enthusiasm and hard work has 
been devoted to this project by Mr. L. S. Strickson and his colleagues, who are 
to be congratulated on their efforts. 

I would like to record the thanks of the Council to the Branch secretaries 
and committee members for the work that they have carried out during the 
past year and express our good wishes for the success of their future activities. 


International Astronautical Federation 


I had the privilege of presiding over the I.A.F. during the year, culminating 
in the Barcelona Congress. The strong British contingent that visited Barcelona 
is indicative of our determination to support international collaboration in 
astronautics. It is the view of the B.I.S., however, that a great deal must be 
done to strengthen the I.A.F. and to improve its status and we shall endeavour 
to press, strongly, our opinions in these matters. Powerful support for the 
International Astronautical Federation and the International Congresses, as 
I have stressed previously, must continue to be a keynote of the policy of this 
Society. 

At Barcelona, it was agreed that the venue of the 1958 Congress should be 
in Holland, and this meeting, the Ninth International Astronautical Congress 
will take place in Amsterdam during the last week of August. I hope that 
B.1.S. members will participate at this meeting in even greater strength than 
at the previous one. Provisionally the subsequent three congresses are 
scheduled to take place in Moscow or London (1959); Stockholm (1960) and 


Washington (1961). 
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The 25th Anniversary 

It seems particularly appropriate to end this address with a reference to 
the 25th Anniversary of the foundation of our Society. In October we expect 
to celebrate the event in a suitable manner and the details of the celebration 
will be announced shortly. 

I am particularly proud to have been a member of the B.I.S. through 
24 of the years that it has existed and to have had the privilege of serving in 
its highest offices. The strong Society of 1958 is a far cry from the tiny band 
of ‘‘crackpots,”’ of whom I was one extremely passive member, in the early 
pre-war days. Some of us may look back with regret at the fact that the B.L.S. 
did not go through the exciting rocket-firing phase that our older sister societies, 
the now extinct Verein fiir Raumschiffaht and the presently powerful American 
Rocket Society enjoyed. However, I hold the view that the B.L.S., particularly 
in the decade following the war, did much to influence ideas in astronautics and 
I consider that we yet have an important place in these momentous develop- 
ments. I can only conclude by expressing the fervent wish that in 1983 a 
B.I.S. Chairman or President will be able to look back with even greater pride 
to 50 glorious years in the history of a very illustrious and powerful society. 


L. R. SHEPHERD, 
Chairman of Council. 


Appendix I 


The Standing and ad hoc Committees appointed by the Council for the 
session 1957-58 were: 


Finance and General Purposes 
L. R. Shepherd (Chairman), L. J. Carter, K. W. Gatland, G. V. E. Thompson. 


Membership 
G. V. E. Thompson (Chairman), K. W. Gatland, D. Hurden. 


Journal Publications 
L. R. Shepherd (Chairman), D. J. Cashmore, N. H. Langton, A. E. Slater, G. V. E. 
Thompson (Editor). 


Spaceflight Editorial Board 
P. Moore (Editor), A. Coleman, C. A. Cross, D. Hurden, A. E. Slater. 


International A stronautical Federation 
L. R. Shepherd (Chairman), L. J. Carter, K. W. Gatland. 


Joint Symposia 

L. R. Shepherd (Chairman), L. J. Carter, S. W. Greenwood 
Technical Policy 

L. R. Shepherd (Chairman), L. J. Carter, D. J. Cashmore, S. W. Greenwood, W. N. 
Neat, E. T. B. Smith, G. V. E. Thompson. 


25th Anniversary Celebrations 
K. W. Gatland (Chairman), L. J. Carter, A. M. Kunesch, N. H. Langton. 


Satellite Tracking 

L. R. Shepherd (Chairman), L. J. Carter, D. J. Cashmore, K. Garner, N. H. Langton, 
G. Satterthwaite, G. V. E. Thompson. 
Space Medicine Symposium 

G. V. E. Thompson (Chairman), B. E. Finch, J. C. Guignard, J. A. Moyse, A. E. Slater 
(Organizing Secretary). 
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B.LS. NEWS 


Postal Ballot and Extraordinary General Meeting 
A postal ballot was held recently on a proposal to increase the subscription 
rates payable by members of the Society. The results of the ballot were as 


follows: 
In favour of the proposal .. 1,136 


Against . . en a . 171 


It was originally intended to consider the proposal and the results of the 
ballot at an Extraordinary General Meeting on 5 December, 1957, but the notice 
convening this meeting inadvertently omitted the time at which the meeting 
was scheduled to commence, although the date and place were specified. 

A new Extraordinary General Meeting was therefore convened on | February, 
1958, and ballot papers were received up to that date. After announcement of 
the above result of the ballot, the following resolutions were considered by the 
meeting and passed nem. con.: 


(a) THAT article 5 (b) (concerning Fellowship) be amended by the deletion 
of the words ‘““Two Pounds Twelve Shillings and Sixpence”’ and the 
insertion of the words ‘Three Guineas’ in place thereof. 


(6) THAT article 5 (c) (concerning Senior Membership) be amended by the 
deletion of the figures “£2 12s. 6d.” and the insertion of the words 


“Three Guineas” in place thereof. 


(c) THAT article 5 (d) (concerning Membership) be amended by the deletion 
of the words ‘‘One Pound Eleven Shillings and Sixpence if 21 years of 
age or over, and One Guinea if under that age’’, and the insertion of 
“Two Guineas if 21 years of age or over, and One Pound Eleven Shillings 
and Sixpence if under that age” in place thereof. 


(d@) THAT article 5 (/) (concerning discretionary powers of the Council to 
allow the payment of reduced fees) be amended by the deletion of the 
figures ‘‘{1 ls. 0d.” and the insertion of the words “One Pound Eleven 


Shillings and Sixpence’”’ in place thereof. 


Space Medicine Symposium 

The international symposium on space medicine and biology announced in 
the March-April issue of the Journal is to be held in London on Thursday and 
Friday, 2-3 October, 1958. For the convenience of those attending the 
symposium, the banquet to be held as part of the Society’s Twenty-fifth 
Anniversary Celebrations has been arranged for the evening of Friday 3 October, 
at the Waldorf Hotel. 

Full details of the programme and arrangements for both symposium and 
banquet will appear in a later issue of the Journal, or may be obtained on 
application to the Secretary. Intending speakers at the symposium are asked 
to write to Dr. A. E. Slater, Dell Farm, Whipsnade, Dunstable, Beds. 
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ABSTRACTS 
Edited by J. HumMpuHRIEs and J. FoLry 








A list of abbreviations of titles of journals was included with the 1954 index 
and addenda have been published in subsequent issues of the Journal. A further 
addendum is given below: 


Inst. Soc. Amer. J. Instrument Society of America Journal. 
J. Astronautics. Journal of Astronautics. 
J. Electrochem. Soc. Journal of the Electrochemical Society. 


AERODYNAMICS 
(See also abstracts nos. 292 and 313.) 


(284) A study of the motion and aerodynamic heating of missiles entering the 
Earth’s atmosphere at high supersonic speeds. H. J]. Allenand A. J. Eggers. NACA 
Tech. Note 4047, 61 pp. (Oct., 1957). 

(285) On the drag of a sphere at extremely high speeds. V.C. Liu. /]. Appl. 
Phys., 29, 194-5 (Feb., 1958). The formula for the pressure-drag coefficient is derived and 
is shown to agree with available experimental data in the range M = 5 to 10. (4 refs.) 


ASTRONAUTICS 
(See also abstracts nos. 299, 300, 301, 306, 307, 308, 309, 311, 314, 315, 316 and 317 


) 
(286) The atmosphere of a spaceship. L. J. Grant. ]. Space Flight, 8 (4), 1-5 
(April, 1956). General review of problems involved. 


(287) Satellite ascent guidance requirements. J. Jensen. /. Astronautics, 3, 
1-3,14 (Spring, 1956). Effects of errors in injection conditions for a close orbit satellite. 
(2 refs.) 

(288) Thermal controlinaspace vehicle. P.E.Sandorffand J.S.Prigge. J. Astro- 
nautics, 3, 4-8, 26 (Spring, 1956). Deals with the engineering problems. Use of the “thermos 
bottle principle’’ in conjunction with a meteor shield is considered the best solution. (4 re/s.) 


(289) A casebook on Soviet astronautics. F. J. Krieger. Rand Corp. Research 
Memo RM-1760, 244 pp. (June 21, 1956). A survey, consisting in the main of a bibliography 
and translations from the Russian of articles from various journals. The translated articles 
are: The way to the stars. V. Borisov. Znanie-Sila, 25 (4), 7-8 (April, 1950). Flight 
to the Moon. M. K. Tikhonravov. Pionerskaya Pravda (79), 2 (Oct. 2, 1951). Is a Moon 
rocket being built in the Soviet Union? H.-H. Koélle. Weltraumfahrt (1), 9-10 (/an., 
1952). (From the German.) ‘Trip to the Moon: fantasy and reality. K. Stanyukovich. 
News: a Soviet Review of World Events (11), 28-29 (June 1, 1954). (Original in English.) 
Interplanetary communications. Bol’shaya Sovetskaya Entsiklopediya, 2nd ed., vol. 27, 
51-3 (June 18, 1954). On the way to the stars. N. A. Varvarov, ef al. Tekhnika- 
Molodezhi, 22 (7), 1-7 (July, 1954). Problems of interplanetary flights. K. Stanyu- 
kovich. Krasnaya Zvezda, 3 (Aug. 10, 1954). Gold medal established for outstanding 
work in the field of interplanetary communications. Pravda, 2 (Sept. 25, 1954). 
Problems of cosmic flight. A. A. Shternfel’d. Priroda, 43 (12), 13-22 (Dec., 1954). 
Commission on interplanetary communications. Vechernyaya Moskva, | (April 16, 
1955). Problems of flight into cosmic space. N. Varvarov. Sovetskii Flot, 2 (May 29, 
1955). The problems of astronautics. V.G. Fesenkov. Priroda, 44 (6), 11-18 (june, 
1955). An artificial satellite of the Earth. K. Stanyukovich. Krasnaya Zvezda, 3 
(Aug. 7, 1955). Cosmic laboratory. Moskovskaya Pravda, 1 (Aug. 14, 1955). The 
artificial Earth satellite. Izvestiya (196), 3 (Aug. 19, 1955). Discovery of a World. 
B. Lyapunov. Review of book by N. Varvarov. Teknika-Molodezhi, 23 (9), 29 (Sept., 1955). 
Contemporary problems of cosmic flights. A. G. Karpenko and G. A. Skundin. 
Vestnik Akademii Nauk, S.S.S.R. (9), 19-30 (Sept., 1955). On flights into space. Pravda, 
4 (Sept. 26, 1955). The road intothe cosmos. Yu.S. Khlebtsevich. NaukaiZhizn’,22 
(11), 33-7 (Nov., 1955). Problems of weightlessness. P. K.Isakov. Nauka i Zhizn’, 22 
(12), 17-20 (Dec., 1955). Also includes table noted in abstract no. 312 below. 


(290) Some problems of dynamics of flight to the Moon. V.A. Egorov. Uspekhi 
Fizicheskikh Nauk., 63, Supplement la, 73-117 (Sept., 1957). (In Russian.) Résumé of 
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work carried out on the following topics: shape and classification of trajectories; trajectories 
for circling Moon and returning to Earth; periodic circling of Moon and Earth; minimum 
initial speed required to reach Moon; evaluation of various trajectories. 

(291) The effect of geophysical factors on satellite motion. I. M. Yatsunskii. 
Uspekhi Fizicheskikh Nauk, 63, Supplement la, 59-71 (Sepi., 1957). (In Russian.) Effect 
of factors such as non-sphericity of the Earth, anomaly of gravity and air resistance. 

(292) Atmospheric drag on the satellite. R. JastrowandC. A. Pearse. /. Geophys. 
Res., 62, 413-23 (Sept., 1957). Drag results from collisions with neutral air particles and 
from losses associated with the passage of a charged sphere through an ionised medium. 

(293) Certain variational problems in connection with satellite launching. 
D. E. Okhotsimskii and T. M. Eneev. Uspekhi Fizicheskikh Nauk, 63, Supplement la, 
5-32 (Sept., 1957). (In Russian.) The problems of launching a satellite and putting it 
into an orbit (printed in full, /.B.J.S., 1958, 16, 263-94). 

(294) Determination of the life of an artificial Earth satellite, and study of its 
orbit disturbance. D. E. Okhotsimskii, T. M. Eneev and G. P. Taratynova. Uspekhi 
Fizicheskikh Nauk, 63, Supplement la, 33-50 (Sep?t., 1957). (In Russian.) Calculation of 
satellite life by the method of integral equation curves of first order in relation to one 
parameter. 

(295) Movement of the artificial satellite in the Earth’s non-central gravitational 
field in the presence of atmospheric resistance. G. P. Taratynova. Uspekhi Fiziches- 
kikh Nauk, 63, Supplement la, 51-8 (Sept., 1957). (In Russian.) Calculation of satellite 
movement with a digital computer. 

(296) Celestial mechanics of artificial satellites. T.E.Sterne. Sky and Telescope, 
17, 66-8 (Dec., 1957). 

(297) Determination of orbital characteristics of an Earth satellite from single- 
station radio-transit observations. G. Grant ef al. Nature, 181, 900-1 (March 29, 
1958). Preliminary data on 1958 « based on observations of 56 transits. 


ASTRONOMY 
(298) Investigation of the solid components of interplanetary space by means 
of rockets and artificial satellites. S. M. Poloskov and T. N. Nazarova. Uspekhi 
Fizicheskikh Nauk, 63, Supplement 1b, 253-65 (Sept., 1957). (In Russian.) Determination 
of meteor particles and their spectra. 


ATMOSPHERE 

(299) Problems of measurement of pressure and density of the upper atmo- 
sphere by means of an artificial satellite. B.S. Danilin, V. V. Mikhnevich, A. I. 
Repnev and E. G. Shvidkovskii. Uspekhi Fizicheskikh Nauk, 63, Supplement 1b, 205-25 
(Sept., 1957). (In Russian.) 

(300) Rockets and artificial satellites in studies of the upper atmosphere. 
E. K. Fedorov and G. A. Skuridin. Vestnik Akademii Nauk, S.S.S.R., 27 (8), 37-48 (Aug., 
1957). (In Russian.) Survey of work done in the U.S.A. and Soviet Union in studying 
the upper atmosphere, and use of rockets in these studies. Description of several possible 
types of future artificial satellites. 

(301) Measuring the positive ion concentration along the orbit of an artificial 
satellite. K. I. Gringauz and M. Kh. Zelikman. Uspekhi Fizicheskikh Nauk, 63, Supple- 
ment lb, 239-52 (Sept., 1957). (In Russian.) 

(302) Measuring the electrostatic fields of the upper atmosphere. I. M. 
Imyanitov. Upsekhi Fizicheskikh Nauk, 63, Supplement Ib, 267-82 (Sept., 1957). (In 
Russian.) 

(303) Measuring the pressure in the upper atmosphere. V. V. Mikhnevich. 
Uspekhi Fizicheskikh Nauk, 63, Supplement 1b, 197-204 (Sept., 1957). (In Russian.) 

(304) Investigation of the composition of the upper atmosphere by means of 
rockets. B. A. Mirtov, Uspekhi Fizicheskikh Nauk, 63, Supplement 1b, 181-96 (Sept., 
1957). (In Russian.) Equipment used in sampling; storing and analysis of specimens and 
data on work conducted in 1951-56. 

(305) Investigation of the ionic composition of the ionised upper atmosphere. 
B. A. Mirtov and V. G. Istomin. Uspekhi Fizicheskikh Nauk, 63, Supplement 1b, 227-38 
(Sept., 1957). (In Russian.) 
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(306) Upper atmosphere densities from Minitrack observations on Sputnik I. 
I. Harris and R. Jastrow. Science, 127, 471-2 (Feb. 28, 1958). (4 refs.) 


BIOLOGY AND MEDICINE 


(307) Selection and training of personnel for space flight. D. H. Beyer and 
5. B. Sells. J. Aviation Medicine, 1-6(Feb., 1956). A tentative outline of crew requirements. 


PHYSICS 

(308) The silicon solar battery as a source of energy for artificial satellites. 
V.S. Vavilov, V. M. Malovetskaya, G. N. Galkin and A. P. Landsman. Uspekhi Fizicheskikh 
Nauk, 63, Supplement la, 123-9 (Sep?., 1957). (Jn Russian.) Description and performance. 

(309) Study of ultra-violet short-wave solar radiation. S.L. Mandel’shtam and 
A. I. Efremov. Uspekhi Fizicheskikh Nauk, 63, Supplement Ib, 163-80 (Sept., 1957). 
(Jn Russian.) Theoretical and experimental data on radiation of wave-length less than 
2,900 A. Description of experiments which are planned for an artificial satellite. 

(310) Study of the composition of primary cosmic radiation. S. N. Vernov, 
V. L. Ginzburg, L. V. Kurnosova, L. A. Razorenov and M. 1. Fradkin. Uspekhi Fizicheskikh 
Nauk, 63, Supplement la, 131-48 (Sept., 1957). (In Russian.) Data obtained since 1953. 

(311) Study of the variation of cosmic radiation. S. N. Vernov, Yu. I. Logachev, 
A. E. Chudakov and Yu. G. Shafer. Uspekhi Fizicheskikh Nauk, 63, Supplement Ib, 149-62 
(Sept., 1957). (Im Russian.) Possibility of using an artificial satellite and description of 
equipment needed. 

PROJECTILES 

(See also abstract no. 284.) 

(312) <A table of Soviet missiles. A. Zaehringer. /. Space Flight, 8 (5), 1-4 (May, 
1956). 

(313) Motion of a ballistic missile angularly misaligned with the flight path 
entering the atmosphere and its effect upon aerodynamic heating, aerodynamic 
loads, and miss distance. H. J. Allen. NACA Tech. Note 4048, 66 pp. (Oct., 1957). 


RADIO AND ELECTRONICS 

(314) Telemetering for interplanetary flight. E.H. Krause. J/mst. Soc. Amer. J., 
4, 478-80 (Oct., 1957). Reliability; long-distance telemetry; data processing; phenomena 
related to propagation; telemetering in atomic defense. 

(315) Microlock. A tracking receiver for satellite communications. H. L. 
Richter. Research and Engineering, 3, 13-17 (Oct., 1957). Describes a California radio 
club’s tracking of the Russian satellite. 

(316) Systems—satellites—space. J]. M. Slater and J. M. Wuerth. Milifary 
Electronics, 4, 24-7 (Oct., 1957). Contribution of electronics and controls; reviews 
problems and components. 

(317) Telemetering in Earth satellites. W. Matthews. Elect. Engng., N.Y., 76, 
976-81 (Nov., 1957). New instrumentation technique combining square hysteresis loop 
magnetic cores with switching transistors is discussed in description of magnetic telemetry 
encoding system. 

(318) Loaded-lens antenna tracks missiles. L. S. Miller. Electronics, 31 (13), 
44-6 (March 28, 1958). Concentric hemispheres of foam plastic, each covered with metal 
discs, serve as artificial dielectric lens to provide nutation of circularly-polarised feed source 
for illuminating 60-ft. parabolic antenna in 216—245 Mc. telemetry band. Acquisition and 
data reception range is in excess of 1,000 miles with missile telemetry transmitter power of 
10 watts. 

ROCKET MOTORS 

(319) The hot water rocket. G. Partel. Riv. Aero. (4), 425-31 (1956). (Jn Italian.) 
Theoretical analysis. 

(320) Use of super-refractories in rocket thrust chambers. W. Sheridan. 
J. Electrochem. Soc., 103, 65c. (March, 1956). General discussion and tests of various 
materials including silicon carbide, graphite, zirconia, zirconium boride and boron nitride. 
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ROCKET PROPELLENTS 


(321) Ultraenergy propellents. The step beyond high-energy propulsion. 
Chem. Wk., 81, 148—56 (Oct. 12, 1957). 

(322) Calculated performance of hydrocarbon-white fuming nitric acid 
propellents at high chamber pressures. C. H. Trent and M. J. Zucrow. Purdue 
University Report PUR-6—M, 43 pp. (March 1949). Available from Library of Congress 
as PB 126286. Values of specific impulse for heptane, octane, decane, and eicosane 
oxidized by WFNA have been calculated at chamber pressures of 300-2058 lb./in?. Effect 
of varying C/H ratio of fuel, combustion pressure, and oxidizer: fuel ratio on specific 
impulse and temp. of combustion. Based on thesis by C. H. Trent (Aug., 1948). Project 
Squid. 
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